Our previous published data indicated that the two rhizobial strains SCAU7
. Astragalus luteolus and Astragalus ernestii are wild plants that grow at altitudes above 3000 m. Astragalus ernestii grows only in western Sichuan, north-west of Yunnan and in eastern Tibet. Astragalus luteolus is an indigenous endemic plant species grown in western Sichuan province (Li et al., 2009b) .
In our previous study, 33 rhizobial strains were isolated from the root nodules of Astragalus luteolus and Astragalus ernestii growing on the west plateau at two different altitudes in Sichuan province, China. A total of 28 strains were classified as members of the genus Mesorhizobium by using amplified 16S rRNA gene restriction analysis, amplified fragment length polymorphism, BOX element-PCR fingerprinting, 16S rRNA gene sequence analysis and other molecular characterization methods (Li et al., 2009b) . The results revealed that the two strains SCAU7 T and SCAU27 exhibited distinct characteristics and differed from the known species of the genus Mesorhizobium. Therefore, in the present study the taxonomic position of these two strains within the genus Mesorhizobium was further analysed by comparison of their 16S rRNA gene sequences, housekeeping gene (atpD and recA) sequences, symbiotic gene (nodC and nifH) sequences and fatty acid profiles, phenotypic characteristic determination and DNA-DNA hybridization.
The ability of the isolates to nodulate their original host plants was verified. Seeds were processed with sulphuric acid and surface-sterilized with 0.1 % aqueous solution of HgCl 2 for 2 min and then rinsed with distilled water. Seeds were incubated to allow germination in sterile Petri dishes at 25 u C (Vidal et al., 2009) . Plants were transferred into pots filled with vermiculite moistened with an N-free plant nutrient solution (Vincent, 1970) .The pots were maintained in a growth chamber at 28 u C with a photoperiod of 15 hours light: 9 hours dark (Li et al., 2009b) . After 7 weeks, plants were harvested and analysed for nodule occurrence. Observations confirmed that strains SCAU7 T and SCAU27 had the ability to nodulate the original host plants, Astragalus luteolus and Astragalus ernestii, respectively.
Approximately 1350 bp of the 16S rRNA gene was amplified and sequenced for strains SCAU7
T and SCAU27 using primers P1 and P6 according to the procedure of Tan et al. (1997) . The sequences were aligned with those of related species of the genus Mesorhizobium using the CLUSTAL_X program in the MEGA 4.0 software package (Tamura et al., 2007) . Aligned sequences were analysed by using the MEGA software to produce a JukesCantor distance (Jukes & Cantor, 1969) and to reconstruct an optimal unrooted tree using the neighbour-joining (NJ) method (Saitou & Nei, 1987) . The robustness of the tree topology was calculated from bootstrap analysis using 1000 replications of the sequences (Felsenstein, 1985) . The 16S rRNA gene of strains SCAU7
T (1356 bp) and SCAU27 (1358 bp) from this study were almost identical and formed a distinct cluster within the genus Mesorhizobium. The resulting NJ tree based on 16S rRNA gene sequences is shown in Fig. 1 The housekeeping genes atpD and recA were used to investigate the phylogeny of the bacteria in order to complement that obtained using the 16S rRNA gene sequences (Vinuesa et al., 2005) . atpD and recA genes were amplified with primer pairs recAF (position 6)/recAR (position 771) and atpDF (position 273)/atpDR (position 771), respectively, according to the procedures described by Gaunt et al. (2001) . The phylogenetic relationships among the strains isolated in this study and the known species of the genus Mesorhizobium were confirmed (Fig.  S1 , available in IJSEM Online). The two strains tests showed high similarities with each other with respect to the two housekeeping genes (Table 1) . Also, they were closely related to M. loti NZP 2213 T , M. ciceri USDA 3383 T , M. australicum WSM2073
T and M. shangrilense CCBAU 65327 T in the phylogenetic trees, the sequence similarity of strain SCAU7
T with the four type strains was 96.5 %, 96.8 %, 95.4 % and 96.5 % for atpD and 92.3 %, 93.3 %, 90.6 % and 92.7 % for recA, respectively. The phylogenetic trees constructed were congruent with the 16S rRNA gene phylogeny ( Fig. 1 ).
Symbiotic genes (nodC and nifH) and the formation of effective nitrogen-fixing nodules on legumes are important features of rhizobia (Lu et al., 2009) . These genes of rhizobia are accessory genes that have, in many cases, an evolutionary history independent of those of the housekeeping genes (Suominen et al., 2001; Aserse et al., 2012) . Comparison of their phylogenies with those derived from housekeeping genes may reveal events of lateral gene transfer among rhizobial symbiotic genes, their evolutionary history and host plant ranges. Haukka et al., 1998; Liu et al., 2005; Lu et al., 2009) . In this study, partial sequences of the symbiotic genes nodC (approx. 900 bp) and nifH (approx. 760 bp) of strains SCAU7
T and SCAU27 were amplified by using primers (nodCF and nodCI, nifHF and nifHI) with the PCR conditions described by Laguerre et al. (2001) (Fig. S2) (Chen et al., 1995; Han et al., 2008; Gao et al., 2004; Guan et al., 2008; Lu. et al., 2009) . The genus Astragalus together with the genus Caragana belong to the same Subtribe Astragalinae (Polhill, 1994) , and this may account for the reason that they could be infected by rhizobia with a similar nodC gene. The new isolates showed a close relationship to M. shangrilense CCBAU 65327
T in the corresponding phylogenetic trees based on nodC and nifH gene sequences. The phylogenetic tree based on nodC and nifH genes confirmed the close relationship between the rhizobial symbiotic genes and their host ranges.
Fatty acid profiling is a popular method for characterizing the microbial communities of natural systems and is a useful tool for the classification of root-nodule bacteria (Guan et al., 2008; Schutter & Dick, 2000; Tighe et al., 2000) . In this study, all the strains were grown on YMA medium for 72 h at 28 u C and then approximately 40 mg of the well-grown cells was harvested. The preparation and separation of fatty acid methyl esters for the strains were performed by using the methods described by Sasser (1990) . Fatty acid methyl esters were identified by the standard protocol of the Microbial Identification System. Table S1 . The novel group synthesized C 16 : 0 , C 17 : 0 , C 18 : 0 , iso-C 17 : 0 , C 17 : 1 v8c, and C 19 : 0 cyclo v8c fatty acids, and lacked C 20 : 3 v6,9,12c and summed feature 2 (C 12 : 0 , unknown ECL 10.928, iso-C 16 : 1 I/C 14 : 0 3-OH) fatty acids. Thus the novel group could be placed in the genus Mesorhizobium (Tighe et al., 2000; Wang et al., 2007; Chen et al., 2010) . The strains of the novel group could be phenotypically distinguished from all related species of the genus Mesorhizobium because they contained higher concentrations of C 16 : 0 and C 18 : 1 v9c fatty acids.
Enterobacterial repetitive intergenic consensus (ERIC)-PCR fingerprint profiles were utilized to identify differences between the novel strains and closely related rhizobia (Madrzak et al. 1995) . ERIC-PCR was performed using primers ERIC1R and ERIC2 for PCR amplification (Versalovic et al. 1991) . The diversity within the species was reflected by ERIC-PCR. The fingerprints of strains SCAU27 and SCAU7
T were similar, indicating that they belong to the same species, but distinct, showing that they were not the same strain (Fig. S3) .
DNA-DNA hybridization is considered as a necessary and standard method for defining bacterial species (Graham et al., 1991; Wayne et al., 1987; Willems et al., 2001) . In this study, extraction and purification of total genomic DNA was carried out by using the method of Marmur (1961) and DNA-DNA hybridization was performed using the spectrophotometric method (De Ley et al., 1970) . The DNA-DNA relatedness between the strains SCAU7 T and SCAU27 was 83.0 %, indicating that they were members of the same genomic species. The DNA-DNA relatedness values of strain SCAU7 T with M. loti NZP 2213 T , M. ciceri USDA 3383
T and M. shangrilense CCBAU 65327 T were 41.1 %, 48.8 % and 23.4 %, respectively. Given the recommended threshold value of 70 % DNA-DNA relatedness for the definition of a species (Wayne et al., 1987) , these results indicate that the strains isolated from Astragalus luteolus and Astragalus ernestii should be considered as representing a novel species. The G+C content of DNA of strain SCAU7 T was 58.27 mol% which was determined using the thermal denaturation method with Escherichia coli K-12 as a standard (Mandel & Marmur, 1968) .
Phenotypic features of the novel strains (SCAU7 T and SCAU27) were determined in comparison with related species of the genus Mesorhizobium according to the method described by Gao et al. (1994) . The characteristics analysed included the utilization of sole carbon and nitrogen sources, intrinsic resistance to antibiotics and dyes, tolerance to NaCl, pH and temperature ranges for growth, tolerance to the chemicals and reactions in litmus milk, reduction of methylene blue, nitrite and Nile blue, acid or alkali production on yeast extract-mannitol agar and production of urease, catalase, L-phenylalaninase and oxidase (Gao et al., 1994; Ladha & So, 1994) . The phenotypic characteristics of the novel strains showed several differences compared with several type strains of species of the genus Mesorhizobium, listed in Table 2 . Based on the results described in this study, strains SCAU7
T and SCAU27 are considered to represent a novel species of the genus Mesorhizobium. The novel group can be differentiated phylogenetically, genotypically and phenotypically from previously described species. Therefore, the name Mesorhizobium sangaii sp. nov. is proposed for this novel symbiotic bacterial species with SCAU7
T as the type strain. ) lincomycin (5, 50, 100, 300) and cephalosporins (5). Synthesizes the following fatty acids (full details are given in Table S1 ): C 12 : 0 3-OH; iso- , was isolated from effective nodules of Astragalus luteolus in Ganzi, Sichuan, China. The DNA G+C content of the type strain is 58.27 mol%.
